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POROUS FATERIALS FROM CARBIDES AMD BORDES OF -=& 
TRANSITION METALS 

V .$I. Sleptsov, Ye.M,Prshedromirskaya, and Yu,P .Kukota* 

Methods of obtaining porous p a r t s  f r o m  spheroidized powders 

of carbides and borides a r e  described, The hydraulic char- 

a c t e r i s t i c s  of pomus p a r t s  were studied, and a dependence 

was established between the  v iscos i ty  and the  i n e r t i a l  co- 

e f f i c i en t s  of porosity resistance. 

Many branches of modern technology require materials that re t a in  t h e i r  

s t rength f o r  a long t h e  a t  high temperatures and, at t h e  same time, are heat- 

r e s i s t an t  and have a high resis tance t o  corrosion and t o  the  e f fec t  of  t h e 4  

shocks. 

Porous cermet materials made of t h e  carbides and borides of t r a n s i t i o n  

metals, having suf f ic ien t  strength and high permeability, can be used t o  f i l t e r  

cer ta in  l i q u i d  metals, incandescent gases, acids,  a l k a l i s ,  and o ther  corrosive 

media ( B i b L l ) ,  An ef fec t ive  method of increasing t h e  power and eff ic iency of 

gas turbines  and j e t  engines i s  t o  increase the  temperature of t h e  working 

gases, requir ing t h e  development of special  heat-resistant materials f o r  l i n i n g  

the  combustion-chamber d s .  I n  this respect, t h e  use of porous materials of 

refractory compounds which can be cooled by passing a gaseous or l i q u i d  coolant 

through t h e i r  pores, is promising (Bibl.2). 

Carbides have a .h igh  melting point and high hardness, good wear resistance,  

%Ins t i t u t e  f o r  Problems of Materials Science, Ukr. Akad. Nauk. 
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and a sa t i s f ac to ry  strength at  moderately high temperatures. 

only materials able t o  withstand high loads i n  an oxidizing m e d i u m  i n  the 

1600 - 22OO0C temperature range (Bibl.3). 

Borides a r e  t h e  

Cermet f i l t e rs  made of powder w i t n  spnericai  pa r i i c i e s  have high pemea- 

b i l i t y ,  r ead i ly  controllable porosity, and are easily regenerated (Bibl.4). 

t h e  present work, we investigated methods of obtaining porous materials of 

spheroidized powders of refractory compounds and studied cer ta in  properties of 

sir,tered mterials. 

previously (Bibl. 7). 

In 

The spherical  powders were obtained by the  method described 

To crea te  materials with maximal porosity and permeability we used the  

f r e e p o u r  method of fabr ica t ing  porous a r t i c l e s .  

f r e e l y  poured carbide and boride powders w a s  done i n  graphite molds and, as a 

rule, i n  t h e  presence of ac t iva tors  which most of ten were cobalt chloride o r  

nickel. 

Sintering of  t h e  spheroidized 

The spheroidized powder was placed i n  a solut ion of chloride and dried 

under constant mixing until complete removal of t h e  solvent. 

cobalt chloride o r  nickel precipi ta ted on t h e  surface of the powder par t ic les .  

The dr ied  powder was poured i n t o  the molds and s intered at  a fusion point of 

0.7 - 0.95 Tt of the corresponding material. The s in te r ing  time varied from 

30 t o  240 min. The presence of cobalt chlor ide ( o r  of nickel)  act ivated t h e  

surface of t h e  par t ic les ,  which made it possible  t o  obtain strong products a t  

a lower s in t e r ing  temperature. 

amount of ac t iva tor  added ( i n  some experiments,its content amounted t o  3%), t h e  

content of cobalt (nickel)  i n  t h e  finished product a f t e r  s in te r ing  w a s  less /s6 
than U.1$, which 1 s  explained by t he  high v o i a t z i t y  of' cfioririe eumpo-lir-~ds k i t h  

metals . 

I n  this case, t h e  

At the same time, despite t h e  r e l a t ive ly  la rge  
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The specimem f o r  t h e  investigation of t h e  ca t a ly t i c  propert ies  of materi- 

als i n  ce r t a in  electrochemical processes were prepared by t h e  method of s inter-  

i n g  f r e e l y  poured powders. 

on tne porosi ty  of t he  resul ta t  pmdiicts a.rd d s o  on t h e i r  strerigth d k r a c t e r -  

The s in te r ing  temperature had a subs tan t ia l  e f f ec t  

i s t i c s .  Figure 1 shows a curve of t h e  porosi ty  as a function of the  s in t e r ing  

temperature, f o r  specimens of chromium carbide Cr3Ca made @ t h e  free-pour 

ing  temperature, C 

Fig.1 Porosity of Products Produced by Sinter ing Freely 
Poured Powder, as a Function of t h e  Sinter ing Temperature 

method from spheroidized pa r t i c l e s  measuring 100 - 150 p. 

spheroidized pa r t i c l e s  of chromium carbide a t  a temperature below 1400°C re- 

su l t ed  i n  low-strength FrodUCtS. Sinter ing a t  temperatures of 1400 - 1600'C 
produced strong objects,  but a t  a higher temperature w e  observed p a r t i a l  fusion 

Sinter ing of 

and closing of t he  pores. 

obtained by the  method of s in te r ing  f r ee ly  poured spheroidized powder i s  high 

and reaches 68%. 

A s  follows from the  curve, t h e  porosi ty  of specimens 

To create materials with a prescribed porosi ty  and permeability and t o  

produce a r t i c l e s  of wanted shape, it i s  advantageous t o  p re s in t e r  t h e  spheroid- 

ized  powders i n t o  compacts. We prepared compacts of porous materials both from 

spheroidized powder and f r o m  f ine ly  divided s t a r t i n g  powders of t h e  correspond- 

i n g  re f rac tory  compounds. When s in te r ing  a r t i c l e s  of z i rcodum carbide w e  used 

ac t iva t ing  additions with which t h e  spheroidized powders were clad,  or else t h e  
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a c t i v a t o r  was added t o  the  charge. 

re f rac tory  compounds having a melting point below 3200'C were generally s intered 

without t he  addition of act ivat ing substances at a temperature of 0.7 - 0.95 Tf 

of t h e  corresponding refractory compound. 

The compacts of niobium carbide and also of 

The s t a r t i n g  powders o r  t he  spheroidized pa r t i c l e s  of t h e  refractory com- 

pound were mixed with a 5% solution of SK (synthetic rubber) o r  a 3% solution 

of polyvinyl alcohol, dried at a temperature of 60 - 8OoC, ground through a 

screen of 1 - 2 mm mesh t o  break up the lumps, and then pressed. 

done at  a pressure from 25 X 10" t o  15 X lo' N/m' (Newton/m2). 

were dr ied  a t  160 - 180'C f o r  8 - 12 hr s  and, i f  necessary, were machined i n t o  

the  f i n a l  shape and s in te red  a t  appropriate temperatures. As shown by the  ex- 

periments, t h e  f i n a l  porosi ty  of the  sintered products depends t o  a great 

extent on the  compaction pressure and on t h e  s in te r ing  temperature. 

Pressing was 

The compacts 

/sTz 

2 4 6 8 1 0  
b p a c t i o n  pressure, N / m W  

Hg.2 Porosity of the  Product as a Function of 
Compaction Pressure and Sinter ing T-erature 

Sinter ing temperature: 1 - 1400'C; 2 - 1500 C; 3 - 1600'C 

For example, Fig.2 shows t h e  dependence of porosity on the  compaction 

pressure,  at  various s in t e r ing  temperatures of the  workpiece. The curves were 
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p lo t t ed  f o r  compacts of chromium carbide (CraCa) fabr icated from spheroidized 

powders with p a r t i c l e  s i zes  of 100 - 150 p. As indicated by these curves, t h e  

grea tes t  effect  of t h e  compaction pressure i s  observed at  t h e  maximal permis- 

s i b l e  (without fusion of t he  par t ic les )  s in t e r ing  temperature. 

paction pressure of 2 X lo’ N/ma and a s in t e r ing  temperature of 1600’C, t he  

Thus, at  a com- 

poros i ty  of t h e  specimens w i l l  be 36%. At t h e  same s in t e r ing  temperature, but 

- -  
Compaction pressure, N / ~ . I O ‘  

Fig.3 Porosi ty  of Products of Refractorg Compounds 

Numbers on curves correspond t o  compounds shown i n  t h e  Table 
as a Function of Compaction Pressure 

with an increase i n  compaction pressure, t h e  porosity markedly drops and, a t  

1 X 10’ N/m2, amounts t o  only 9%. These specimens have low permeability. 

Figure 3 gives a graph f o r  t h e  dependence of t h e  porosi ty  of t h e  s intered 

products on t h e  compaction pressure,  for cer ta in  re f rac tory  carbides and 

I I I 

I I 
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borides at d i f fe ren t  grain s i z e  of the spheroidized par t ic les .  

gives t h e  p a r t i c l e  s i zes  and optimal. s inter ing conditions f o r  porous materials 

of re f rac tory  compounds, yielding mmdmal porosi ty  a t  sa t i s fac tory  strength. 

The above Table 

Fig.& Rate of Nitrogen F i l t r a t i o n  as a p c t i o n  of 
Pressure Drop and Porosi ty  at  20 C 

Porosity (%): 1 - 32.0; 2 - 30.5; 3 - 28.9; 4 - 26.4; 5 - 48.3; 
6 - 47.9; 7 - 46.6; 8 - 41.9; 9 - 48.6; 10 - 43.6; XL - 41.1; 

12 - 37.5; 13 - 49.7; 14 - 45.4; 1 5  - 41.7; 16 - 40.0 

It follows from t h e  diagram that, o ther  conditions being equal, t he  porosi- 

t y  of t h e  specimens of t he  refractory compounds increases with increase i n  

p a r t i c l e  s i z e  of t he  spheroidized powders. Furthermore, t h e  porosi ty  of sin- 

carbide y ie lds  specimens with a porosity up t o  58% and o f  sa t i s fac tory  strength,  
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whereas titanium carbide specimens are  obtained with a lower porosity a t  s t i l l  

s a t i s f ac to ry  strength. 

Figure 4 gives the  rate of nitrogen f i l t r a t i o n  through porous objects pro- 

duced f r o m  cer ta in  refractory compounds,as a function of t h e  pressure drop, re- 

fe r red  t o  u n i t  thickness of t h e  specimen. The curves are given f o r  various 

poros i t ies  of t he  products. 

j ec t s  made from refractory compounds on t h e  thickness or on t h e  various pressure 

drops i s  plot ted i n  Fig.5 which shows tha t  t h e  thickness of t h e  specimeF has a 

considerable influence or: i t s  permeability, especial ly  a t  l a rge  pressure drops. 

The dependence of t h e  permeability of porous ob- 

Specimen thickness , -  

Fig.5 Effect of Thickness of t he  Objects on t h e i r  Permeability 
Pressure drop (N/cm2): 1 - 1; 2 - 5; 3 - 10; 4 - 20; 

5 - 30; 6 - 40 

Permeability measurements have established that this depends largely on /89 
t he  temperature and abruptly decreases with increasing temperature. 

example, Fig.6 gives the  change i n  permeability of a specimen of tungsten carb- 

As an 

i d e  as a function of the  temperature. It follows from the  diagram tha t ,  with 



a t  temperatures up t o  l l O O ° C ,  no changes a r e  observed i n  t h e  character of t h e  B O  

specimen porosity, the noted drop i n  permeability can be explained by ar, i n -  

crease i n  gas v iscos i ty  with increasing operating temperature and by t h e  re- 

su l t an t  increase i n  res is tance of t h e  specimen t o  the passage of gas. 

Fig.6 Permeability of Porous Objects of Tungsten Carbide 
as a Fmction of Temperature 

Blowing w i t h  nitrogen. Pressure drop AP = 29.4 N/m2 ; 
specimen thickness 6 = 0.33 an; porosi ty  47.9% 

On t h e  basis of these investigations on t h e  gas permeability of porous 

specimens of carbides and borides of refractory m e t a l s  a t  m o m  temperatures, we 

defined t h e  v iscos i ty  ( C Y )  and i n e r t i a l  (6 )  coeff ic ients  by the  following formula 

(Bibl.5, 6 )  which establ ishes  t h e  re la t ion  between the  weight rate of flow of 

t h e  gas and t he  pressure drop: 

where G i s  the  mass r a t e  of flow of the gas, i n  kgfsec ma; R i s  the  gas COG- 
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0 s t a n t ,  i n  J/kg 

c ien t  of dyl&c viscosi ty ,  in N sec/m2; h i s  the  specimen thickness, i n  m; 

z i s  the  coefficient of compressibility of the gas. 

K ;  T i s  the  absolute gas tenperature, i n  O K ;  p i s  the  coeffi- 

4 2  ,-IO We found that CY = 8.9 

porosi ty  of t he  material, i n  $. 

serve as a first a p p r o a t i o n  i n  calculat ing t h e  hydraulic res is tance of ob- 

j e c t s  m d e  of porous carbides and borides. 

I?” Fe7 and B = 6.8 x iu r , wnere F i s  the  

The obtained dependencies for (Y and 13 can 

Conclusions 

. 

A s  a re su l t  of  these investigations,  methods were worked out f o r  fabri-  

ca t ing  porous materials of carbides and borides of re f rac tory  metals by s inter-  

i n g  f r e e l y  poured spheroidized powders and by s in te r ing  pre-pressed compacts. 

The conditions fo r  obtaining objects  with a prescribed porosi ty  and permeabili- 

t y  were established. 

borides of refractory metals w a s  studied. 

The penneability of porous mater ia ls  of carbides and 

BIBLIOGRAPHY 

1. Samsonov, G.V. and Plotkin,  S.Ya.: 

2. Alemasov, V.Ye.: 

Khim. Prom., No.2, p.106, 1958. 

Theory of Rocket Engines (Teoriya raketnykh dvigateley). 

Oborongiz, Moscow, 1962. 

3. - Certain Problems of Refractory Metals and Alloys (Nekotoryye problemy 

tugoplavkikh metallov i splavov). Izd. Inostr .  L i t  . , Moscow, 1963 . 
4. Agte, K. and Otsetek, K. : Cermet F i l t e r s  (Metal lokerdcheskiye fil’try). 

Sudpro&z, Moscow, 1959. 
_ _  

5. I lTin ,  Yu.V.: 

6. Druzhinin, S.A.: 

Izv. Vysshikh Uchebn. Zavedenii, Aviats. Tekhn., No.1, 1959. 

Teploenerg., No.!?, 1961. 

9 



NASA TT F-10,045 

7. Sleptsov, V.M., Prshedromirskaya, Ye&. , and Kukota, Yu.P. : Poroshkovaya 

Met., No.9, 1965 

Received March 12, 1965 

10 


